MRI parameters and quantitation of WMH
Both 3D T1-weighted scans and T2-weighted fluid-attenuated inversion recovery (FLAIR) sequence scans were used for data analysis. The following protocol was used for T1-weighted MRI scans on the 1.5T scanners in all three centres: in-plane resolution 1×1 mm with slice thickness of 1.5 mm, contiguous slices, TR/TE/TI = 1530/3.24/780 ms, and flip angle = 8. FLAIR scans were acquired axially with the same acquisition parameters on the 1.5T scanners in all three centres, i.e. TR/TE/TI = 10000/120/2800 ms, with slice thickness 3.5 mm and in-plane resolution 0.898×0.898 mm 2 . On the 3T scanner in centre 1, we had spatial resolution of 1×1×1 mm 3 , TR/TE = 6.39/2.9 ms for T1-weighted scans, and TR/TE/TI = 10000/110/2800 ms, with slice thickness 3.5 mm and inplane resolution 0.898×0.898 mm 2 for FLAIR scans. Intracranial volume (ICV), the sum of grey matter, white matter and cerebrospinal fluid was calculated using SPM8 (Wellcome Department of Cognitive Neurology, Institute of Neurology, London, UK. http://www.fil.ion.ucl.ac.uk/spm/software/spm8/ ). The contrast properties of FLAIR facilitate the possibility of automated segmentation and classification of WMH. The method has been previously described 1 . A parametric method 1 was adapted and applied to the initial WMH detection. The extracted candidate WMH clusters were further investigated using a non-parametric kNN rule and then classified into different brain regions and deep (DWMH), periventricular (PWMH), and false WMH clusters.
The automated classification of WMHs employed in this study was carried out in the native space of the T1-weighted images. Five pre-processing steps were taken to prepare the images for the analysis, as described previously 1 : (i) the FLAIR and T1 images of the same subject were coregistered using mutual information method 2 ; (ii) segmentation 3 of T1-weighted images into three separate tissue components; (iii) removal of non-brain tissue from both T1-weighted and coregistered FLAIR images using the brain mask transformed from the average mask originally defined in the standard space by inverting the deformation matrix 4 ; (iv) inverting the spatial normalization transformation to produce the brain masks and white matter probability maps in the native space for the WMH detection and non-brain tissue removal; (v) intensity correction 5 of both FLAIR and T1-weighted images after the removal of non-brain tissues. Some other smaller steps such as removal of the bright areas observed in the FLAIR sequence ventricles caused by choroid plexus and partial voluming were also carried out. SPM8 was used with Matlab R2013b (MathWorks, Natick, MA, U.S.A.) for these pre-processing steps. , where µ is the overall mean of the phenotypes and X 1, X 2 ,…,X k are the k covariates (such as age, sex, scanners and ICV) and β 1 , β 2 ,…, β k are the regression parameters of the model. The path coefficients a, c and e are the estimated loadings of the latent factors, which are further decomposed as a=a 0 +a 1 age+a 2 sex; c=c 0 +c 1 age+c 2 sex; e=e 0 +e 1 age+e 2 sex to accommodate the moderating effects of age and sex. The parameter r a (r a =1 for MZ twin pairs and r a =0.5 for DZ twin pairs) and r c (r c=1 for both MZ and DZ twin pairs) respectively denote the additive genetic and shared environmental correlations between the twin pairs. Male_H2 0.00 0.48 0.90 Heritability estimates of WMH and their 95% confidence intervals for male (Male_H2) and female (Female_H2) at different ages under the age and sex moderated ACE model ( Figure I) .
Supplemental Video I.
A 3D movie of voxel-wise heritability of white matter hyperintensities using the binary AE model has been provided.
